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SECTION 1 
INTRODUCTION 


This is a supplementary report to the Final Draft Human Health Risk Assessment, Volumes 
I and II, prepared by Roy F. Weston, Inc. (WESTON, 1991) which presented the risks 


associated with the Basin F Liquid Submerged Quench Incineration Project for Rocky 


Mountain Arsenal (RMA) located in Denver, CO. The purpose of this supplementary 
report (Volume III, WESTON, 1991) is to evaluate the human health risks associated with 
the incineration of hydrazine rinsewater by the Submerged Quench Incineration (SQJ) unit, 
and to determine whether the addition of the hydrazine rinsewater to the Basin F liquid 
wastes will pose an increased risk over that previously determined for Basin F Liquid waste 
(WESTON, 1991). 


The primary objective of the human health risk assessment conducted by Roy F. Weston, 
Inc. (WESTON) for RMA was to assist in the establishment of chemical emission limits for 
the Basin F Liquid Incineration Project, while staying as close as possible to the approach 
described in the EPA Risk Assessment Guidance for Superfund -- Human Health 
Evaluation Manual, Part A (RAGS) (EPA, 1989a). The following points must be made to 


clarify that incinerator risk assessments differ significantly from Superfund risk assessments: 


6 Superfund risk assessments use actual contaminant data from analytical 
chemistry evaluations of air, soul, and water to assess potential human 
exposures at a Site. 


e Incinerator risk assessments, on the other hand, must use predicted human 
exposures from modeling rather than measured exposures [the objective of the 
risk assessment is to evaluate whether the incinerator should be built (i.e., in 
general, there is no incinerator from which to gather data)]. 


Therefore, in an attempt to utilize Superfund terminology, WESTON had to redefine the 
term "Reasonable Maximum Exposure” (RME). RAGS defines RME as the upper 95% 


Confidence Limit of the arithmetic mean of the exposure data determined from analytical 
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chemistry evaluations of samples collected from air, water, or soil. The available data did 
not support the calculation of an upper 95% confidence interval for the emissions because 
of an insufficient number of data points. The numbers of actual concern, the human 
exposures at various points in the community surrounding the incinerator, can only be 
modeled from the initial waste stream sample data and subsequent predicted emissions. 
Section 1 of Volume I of this report should be reviewed for a detailed discussion of the 


methods used to predict emissions. 


The methodologies and assumptions employed for air dispersion and deposition modeling 
and the risk assessment process (exposure assessment, toxicity assessment, risk 
characterization) are identical to those discussed in Volume I of the Final Draft Report 
(WESTON, 1991). Therefore, appropriate sections of the Final Draft Report, Volume I, 
are cited where necessary. The methodology employed for determination of hydrazine 
rinsewater emission rates differs in a few respects from that used for Basin F liquid; this is 


discussed in Section 3 of this report. 


The risk results presented in Section 7 of this report are calculated on the basis of 
incinerating the hydrazine rinsewater as a separate rinsewater unit. For comparison 
purposes, a summary of the risks calculated for the Basin F Liquid is presented in the 
summary tables of the hydrazine rinsewater risk results. The physical addition of the 
hydrazine rinsewater to the Basin F liquid will not alter total chemical emissions 
characteristics or operational properties of the incinerator, since hydrazine rinsewater only 
represents 2.7% of the total volume of Basin F liquid. Furthermore, it will not alter air 
modeling isopleths originally employed in the Basin F liquid study. As indicated in 
Subsections 8.3.2 and 8.3.3 of the Risk Assessment Guidance for Superfund Human Health 
Evaluation Manual (EPA,1989a), the risk results are assumed to be additive to those 
calculated for the incineration of the Basin F liquid. It should be noted that a number of 


chemical entities present in the hydrazine rinsewater are identical to many found in the 
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Basin F liquid. However, the entire mass of hydrazine waste has been evaluated in this 


supplemental risk assessment, independent of the Basin F liquid. 
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SECTION 2 
SELECTION OF KEY PATHWAYS AND POLLUTANTS 


2.1 INTRODUCTION 


The physical and chemical characteristics of the hydrazine rinsewater are summarized in 
Tables 2-1 and 2-2. The values presented were used in the final selection of contaminants 
of concern as described later in this section. The purpose of this evaluation was to 
eliminate those chemicals that would not be of significance in the risk characterization. The 
final selection was based on various conservative criteria discussed in Section 4 of Volume 
I of the Final Draft Human Health Risk Assessment (WESTON, 1991). 


The process used for the determination of key pathways and pollutant selection was identical 
to that described in Section 7 of Volume I of the Final Draft Human Health Risk 
Assessment (WESTON, 1991). 


2.2 AIR PATHWAY 


The pollutants selected for the inhalation pathway are the same for all scenarios discussed 
in Section 8 of Volume I of the Final Draft Human Health Risk Assessment (WESTON, 
1991). The rationale for this approach is also outlined in Subsection 7.3 of Volume I. A 
list of the pollutants of concern in the hydrazine rinsewater for this pathway is found in 
Table 2-3. 


2.3 SOIL PATHWAY 
All pollutants were screened through the soil pathway based on those criteria presented in 


Subsection 7.4 of Volume I of the Final Draft Human Health Risk Assessment (WESTON, 
1991). All volatile organic compounds (VOCs) were excluded from the soil pathway. The 
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VOLUME III 
Table 2-3 


Selection of Pollutants of Concern 
in the Hydrazine Rinsewater 


Inhalation Surface Water 
Chemical Pathway Soil pathway Pathway 
xX 


ORGANICS 
Acetone 
Acetonitrile 


Acrylonitrile 


Atrazine 

Benzene 
Benzaldehyde 
Benzofuran 

Benzoic Acid 
Benzonitrile 
Benzothiazole 
Biphenyl 
Bis(2-ethylhexyl)phthalate 
Carbazole 

Carbon Tetrachloride 
4-Chloroaniline 
Chlorobenzene 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
Chloroethane 
Chloroform 


Dibenzofuran 


2 |e 
i) 
Herbereeertereerrtecettr 
nN 
Hebert eee betel eh 
FLEE EL ECEEEEE betel 


Dichlorobenzenes (total) 
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Table 2-3 VOLUME III 
(continued) 


Inhalation 
Pathway 


Surface Water 


Chemical Soil pathway Pathway 


1,4-Dichlorobenzene 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethene 
1,2-Dichloroethene 
1,2-Dichloropropane 
Dieldrin 
Dimethyldisulfide 


mM 1 


Hexachlorobenzene 
Hydrazine 

Lindane 

Malathion 


| 


Methyl chloride 
Methylene chloride 
Methyl ethyl ketone 
4-Methyiphenol 
Monomethyl hydrazine 
Naphthalene 
Naphthalene carbonitrile 


n-Nitrosodimethylamine 


Acenaphthalene 
Acenaphthene 
Benzo(a)pyrene 
Chrysene 

Dibenzo(a,h, anthracene 


Fluoroanthene 


es ee Se Se ee 
| Phenantbrene =| | xT 
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Table 2-3 VOLUME II 
(continued) 


| Inhalation Surface Water 
Chemical Pathway Soil pathway Pathway 
xX 


Xx 


Pyrene 


Parathion 
Pentachlorobenzene 
Phenol 

Pydirine 

Quinoline 
Tetrachlorobenzene 
Tetrachloroethene 
Toluene 
Trichlorobenzene 
Trichloroethene 


Unsym. dimethyl hydrazine 


Vapona 
Vinyl acetate 


Vinyl chloride 


Xylenes (total) 
INORGANICS 
Arsenic 
Cadmium 
Chromium (IIT) 
Chromium (VI) 


Copper 


fu 


re) = 


a 
Mercury | 
Selenium 


Silver 


7 
ore 
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VOCs excluded from the soil pathway included chloroethane, 1,1-dichloroethane, and vinyl 
acetate. All other organic compounds predicted in the emissions list were included for 
evaluation in the final soil pathway. All inorganics, except for arsenic, cadmium, and 
mercury were eliminated from the soil pathway on the basis of the background soil criteria 
discussed in Subsection 7.4 of Volume I, of WESTON (1991). The final list of pollutants 
that were evaluated for the soil pathway is presented in Table 2-3. Table 2-4 shows the 
screening data used to exclude inorganic compounds (i.e., metals) from the soils pathways. 


Only those metals for which emission rates could be predicted are included. 
2.4 SURFACE WATER PATHWAY 


The approach for excluding pollutants via the surface water pathway is outlined in 
Subsection 7.5 of Volume I (WESTON, 1991). Table 2-3 is a list of pollutants of concern 
in the hydrazine rinsewater for this pathway. Note that all VOCs were excluded from the 
surface water pathway using the same criteria as employed for soils. In addition, surface 
water concentrations for the pollutants were selected for analysis in the surface water 
pathway if the predicted surface water concentrations for a given chemical exceeded 10% 
of its respective AWQC. Table 2-5 presents a comparison of Tier 1 surface water 
concentrations with the AWQC for those compounds that were screened out of the surface 


water pathway. 
2.5 CONSUMPTION OF BREAST MILK 


The selection of pollutants in this pathway was identical to Subsection 7.6 of Volume I of 
(WESTON, 1991). All organic compounds were included in the evaluation of the breast 
milk consumption pathway for noncarcinogenic effects. Those organics classified as oral 
carcinogens were evaluated by this pathway. Inorganics were excluded from this evaluation 


because of the insufficiency of data for estimating breast milk concentrations. 
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SECTION 3 
ESTIMATION OF EMISSION RATES 


Incremental emission estimates were developed by WESTON for the option of incinerating 
the hydrazine rinsewater in the SQI proposed for the Basin F liquid waste. The 
development of the emission estimates, as well as the risk assessment as a whole, treat the 
hydrazine rinsewater as a negligible addition to the Basin F liquid waste (only 2.7% of the 
total) that will not affect the combustion or physical flue gas characteristics of the proposed 
incinerator (i.e., the destruction of the Basin F liquid and hydrazine rinsewater are 
independent and no additional atmospheric dispersion and deposition modeling will be 
required of the combined Basin F liquid and hydrazine rinsewater). Many of the organics 
and all of the inorganics in the hydrazine rinsewater were previously evaluated in the Basin 
F Liquid Incineration Project, Volume I of the Final Draft Human Health Risk Assessment 

(WESTON, 1991). | 


The waste feed characteristics of the composite rinsewater were based on the results of the 
chemical characterization provided by Harding Lawson Associates (ESE, 1989) with the 
concurrence of the U.S. Army. The composite hydrazine rinsewater waste feed 
characteristics were based on burning all of the 50,000 gallons in Tank US-3, 200,000 gallons 
in Tank US-4, and 40,000 gallons in the In-Ground Sump within the 2-year period of the 
proposed incinerator operation, assuming 7,000 operating hours per year. A summary of 
emission rates for principal organic hazardous constituents (POHCs) and products of 
incomplete combustion (PICs) is presented in Tables 3-1 and 3-2, respectively. The organic 
compound concentration data, the resultant estimate of the composite waste feed and its 
basis, and the Destruction Removal Efficiencies (DREs) are presented in Subsection 9.5 
(Supporting Documentation in this volume). The base case concentration for each 
compound in each individual tank or sump was estimated from the averages of the three 
analyses for that compound and source. Only those compounds with at least one value 


above the detection limit were considered. For compounds with at least one sample value 
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Table 3-1 


Organic Emission Rates from Incineration 
of Rocky Mountain Arsenal Hydrazine Rinsewater 
(Principal Organic Hazardous Constituents) 


Normalized Emission | Normalized Destruction | Emission Rate 
Compounds Rate (tons/yr) Efficiency (%) (grams/sec) 


bis(2-Ethylhexyl) phthalate 2.180E-15 7.85E-12 

Chloroethane 3.24E-10 
Chloroform LS8E-09 
Chloromethane 4,36E-11 
1,1-Dichloroethane 1.05E-10 


1,2-Dichloroethane 3.28E-11 
1,1-Dichloroethene 5.62E-11 
1,2-Dichloropropane 2.08E-11 
Dieldrin 3256-13 
Dimethyl Disulfide 8.93E-11 
Hydrazine L.11E-06 
Lindane 1SIE-13 
Malathion 4 46E-13 
Methylene Chloride 2.63E-09 
Methylethyl ketone 5.51E-11 
4-Methylphenol 5.00B-11 
Monomethyl hydrazine 99.9900 | 3.50E-07 
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Table 3-1 VOLUME III 
(continued) 


| ine Normalized Emission | Normalized Destruction | Emission Rate 
Compounds Rate (tons/yr) Efficiency (%) (grams /sec) 
1 : 
0 
0 


0 z 

0 : 

9 : 
hydrazine 

9 

9 67E-1 

0 


Vinyl chloride 1.020E- 99.9900 3.67E-11 


1.1006 99900 3966-1 
; 020E-0 | 
o,p-Xylene (total) 1.900E-1 99,9900 6.84E-12 
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Organic Emission Rates from Incineration 
of Rocky Mountain Arsenal Hydrazine Rinsewater 
(Products of Incomplete Combustion) 


PICs with Specific Precursors 


Acenaphthalene 
Acenaphthene 
Acetonitrile 
Acrylonitrile 
Benzaldehyde 
Benzo(a)pyrene 
Benzofuran 

Benzoic Acid 
Benzonitrile 

Biphenyl 

Carbazole 

Carbon Tetrachloride 
4-Chlorobiphenyl 
Chrysene 
Dibenzo(a)anthracene 
Dibenzofuran 
Dichlorobenzene 
4,4’-Dichlorobiphenyl 
1,2-Dichloroethene 
Fluoranthene 
Fluorene 


Hexachlorobenzene 


Naphthalene Carbonitrile 


Pentachlorobenzene 


Pyrene 


Low) 
~i 
“~ 
nN 
to 
ne 
Oo 
_— 


801C/tbl 


(tons/yr) 


Emission Rate (grams/sec) 
1.42E-09 
1.42E-09 
1.14E-07 
4.85E-08 
2.92E-09 
2.85E-09 
1.42E-08 
1.43E-09 
3.12E-08 
1.43E-08 
6.41E-11 
1,86E-10 
9.04E-12 
2.85E-10 


2.85E-09 
2.85E-10 
3.67E-11 
4.55E-13 
4.86E-11 
2.85E-09 
2.85E-10 


8.59E-10 
3.12E-08 
3.50E-10 


1.583E-07 5.70E-09 
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Table 3-2 VOLUME III 
(continued) 


Normalized Emission Rate 
PICs with Specific Precursors (tons/yr) Emission Rate (grams/sec) 


Trichlorobenzene 
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above the detection limit was assumed for the analyses when the compound was not 
detected. The composite feed characterization was calculated as the sum of the average 
values, which were weighted relative to the total quantity in the tank or sump, and were 


then used as the basis for estimating emissions. 


The organic compound feed rates were provided to Dr. Barry Dellinger of the University 
of Dayton Research Institute in order to estimate the thermal destruction of POHCs and 
PICs based on the results of his laboratory studies. In order to ensure a conservatively high 
estimate of risk, the destruction efficiency of POHCs, i.e., the compounds in the waste feed, 
were limited to a maximum of 99.99% and the emission of PICs were not normalized. This 
is the same approach used for the Basin F liquid as described in Section 5, Volume I and 
Appendix 5B Volume II of (WESTON, 1991). 


Metals emissions were estimated by WESTON using the same methodology and assumptions 
that were used for the Basin F liquid waste (as discussed in Section 5, Volume I and 
Appendix 5A, Volume H; WESTON, 1991). The only differences in methodology and 
assumptions from the analysis of metals emissions from the Basin F liquid are that no test 


burn results were available for evaluation. 


A summary of the metals emission rates is shown in Table 3-3. Supporting documentation 


for the metals is presented in Subsection 9.5 of this volume. 


Dioxins/furans, criteria pollutants and acid gas emissions were also not considered in the 
incremental analysis for the addition of the hydrazine rinsewater to the Basin F liquid 
incinerator because emissions of these pollutants were considered in the Basin F liquid 
analysis. Estimates of these emissions would not be changed by the addition of the 
hydrazine rinsewater because these emission estimates are based on the volumetric flue gas 


flow rate. This flow rate was assumed to be only negligibly affected by the additional waste 
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VOLUME ITI 


feed since the incinerator capacity would be essentially the same. The hydrazine rinsewater 
totals only 290,000 gallons compared with the 10,500,000 gallons of the Basin F liquid. 
Therefore, the hydrazine rinsewater comprises only 2.7% of the combined total. 
Decontamination water totaling 80,000 gallons will also be incinerated but this is only 0.7% 


of the combined total, so it is also expected to have a negligible effect. 
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SECTION 4 
AIR QUALITY AND DEPOSITION MODELING ANALYSIS 


4.1 INTRODUCTION 


In the calculations of the human health risk assessment based on the hydrazine rinsewater, 
it was assumed that the physical characteristics of the incinerator, the points of exposure, 
and the deposition area had not changed from those incorporated in Volume I of WESTON 
(1991) based on the Basin F liquid waste. A detailed description of the air quality and 
deposition modeling analysis is found in Section 6 of Volume I and Appendix 6A of Volume 
Il of WESTON (1991). 
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SECTION 5 
EXPOSURE ASSESSMENT 


5.1 INTRODUCTION 


methods described in Section 8 of Volume I of WESTON (1991). The four potential 
reasonable maximally exposed individuals (RMEIs), their locations, appropriate exposure 
routes, and general assumptions for each scenario are described therein. Refer to the 
supporting documentation tables in Sections 9 of this volume for data regarding exposure 
algorithms and doses for each scenario, routes of exposure, and pollutants in the hydrazine 


The exposure assessment for the hydrazine rinsewater was performed identically to the 
rinsewater. 
| 
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SECTION 6 
TOXICITY ASSESSMENT 


6.1 INTRODUCTION 


The toxicity assessment for the hydrazine rinsewater was performed identically to the 
methods discussed in Section 9 of Volume I of WESTON (1991). It should be noted that 
a number of chemicals present in the hydrazine rinsewater also were evaluated in Volume 
I of WESTON (1991). Table 6-1 presents toxicity values for only those chemicals not 
originally evaluated. However, risk calculations calculated in Section 9 of the Supporting - 
Documentation in this volume were determined for all chemicals present in the hydrazine 


rinsewater. 

6.2 CANCER SLOPE FACTORS 

The slope factors for the carcinogenic pollutants that were not initially evaluated in Volume 
I of WESTON (1991) are presented in Table 6-1. The reference or basis for each of the 
slope factors is indicated. 


6.3 REFERENCE DOSES FOR NONCARCINOGENIC EFFECTS 


Table 6-2 summarizes the reference doses for noncarcinogenic effects of chemicals not 
previously evaluated in Volume I of WESTON (1991). 
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SECTION 7 
RISK CHARACTERIZATION AND DISCUSSION 


7.1 INTRODUCTION 


In this section, both carcinogenic and noncarcinogenic risks, as a result of exposure under 
both base and sensitivity case emissions rates, were evaluated based on the daily intake of 
pollutants outlined in Section 5 and the toxicity values presented in Section 6. The total 
lifetime carcinogenic risk and the noncarcinogenic hazard indices were calculated according 
to the procedures described in Section 10 of Volume I of WESTON (1991). Section 10 of 
Volume | specifically discusses the calculations and the application of the sensitivity case 
emissions. For comparison, the risk results contained in Volume I of WESTON (1991) are 


presented in Tables 7-1 and 7-2. 


72 RISK RESULTS 
7.2.1 Carcinogenic Risks 


Table 7-1 shows the carcinogenic risk comparisons between hydrazine rinsewater and Basin 
F liquid waste for all four scenarios under base case and sensitivity case emissions. Note 
that base case emissions most closely approximate the "reasonable maximum exposure" 
described in Superfund guidance by EPA (1989a). Hydrazine rinsewater incineration, 
exclusive of Basin F liquid risk, results in a 1.2E-08 cancer risk in both base case and 
sensitivity case emission conditions for the Farmer scenario. Farmer scenario represents the 
highest cancer risk of all four scenarios. Assuming additivity with Basin F liquid waste 
(WESTON has made the same air modeling and exposure assumptions for both hydrazine 
rinsewater and Basin F liquid incineration), the total cancer risk under base case emissions 
for the Farmer scenario is 5.8E-08 and under sensitivity case emissions is 7.2E-08. 


Figure 7-1 representing the additivity of Basin F and hydrazine rinsewater illustrates the 
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Table 7-1 


Total Lifetime Carcinogenic Risk for Hydrazine 
Rinsewater and Basin F Liquid - Rocky Mountain Arsenal 
for Four Exposure Scenarios 


Lifetime Carcinogenic Risk 


1.0E-08 1.0E-08 9,1E-10 


- 0 .OE- 
Infant 
Total 
Adult 7.6E-10 1.6E-08 1.0E-09 
6E-10 
0E-08 
08 
9 09 
9 


Child 2.4E-0 1.6E-09 2.4E-09 3.8E-09 


Exposure 
Scenario 


ee ra ae rae 


1 
1 
Farmer 
Adult 4.1F- 2.0E-09 4.1E- 3.0E-09 
0 
0 


Child 

Infant 

Total sizes | 73E09 | sinos | 2.1608 
Worker 

Adult 6.3E-12 6.8E-10 6.4E-12 1.8E-09 


6.3E-12 6.8E-10 6.4E-12 1.8E-09 


10 
9 

Infant 9.6E-10 1.3E-09 5.6E-09 
08 
09 


1 Risk results extracted from Final Draft Human Health Risk Assessment, Volume I, June 1991. 
(DCN 3886-44-01-ABTD). 
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Table 7-2 


Hazard Indices Calculated for Adult, Child, and Infants 
for Hydrazine Rinsewater and Basin F Liquid Under 
Four Exposure Scenarios 


Hazard Index 


Exposure 
Scenario 


ee a ee a eg ee ee a ee ee ee ee ee ee a | a ee ee 


7.3E-02 2.3E-05 1.5E-01 


1.7E-01 4.9E-05 3.3E-01 


1.1E-01 5.9E-05 2.3E-01 
1.5E-02 2.0E-05 3.0E-02 
3.4E-02 3.9E-05 6.7E-02 
2.4E-02 6.7E-05 4.7E-02 


Farmer 
Adult 4.1E-05 2.6E-02 4.3E-05 5.2E-02 


Child 8.9B-05 5.9E-02 9.3B-05 1.2B-01 
1.5E-04 4.1E-02 LSE-04 8.2E-02 


Worker | 
Adult 6.4E-07 7.5E-03 1.3E-06 1.5E-02 


Risk results extracted from Final Draft Human Health Risk Assessment, Volume I, June 1991. 
(DCN 3886-44-01-ABTD). 
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differences for all four scenarios. These values are between one and two orders of 
magnitude lower than the value of 1E-06 developed in the Final Decision Document 
(Woodward-Clyde Consultants, 1990). 


7.2.2 Noncarcinogenic Effects 


Table 7-2 summarizes the hazard indices for adult, child, and infant for incineration of 
hydrazine rinsewater and Basin F liquid waste under all four scenarios. These values, like 
carcinogenic risk, have been calculated under base case and sensitivity case emissions. The 
highest hazard index for hydrazine rinsewater was the infant farmer scenario (sensitivity 
case), which was calculated to be 1.5E-04. This is between three and four orders of 
magnitude below the value of 1.0 promulgated in the Final Decision Document (Woodward- 
Clyde Consultants, 1990). Assuming additivity between individual hazard indices, the highest 
combined exposure would be the sensitivity case for the child Resident-A scenario at a 
hazard index of 3.3E-01. This and all combinations are illustrated in Figure 7-2 for base 


case emissions, and Figure 7-3 for sensitivity case emissions. 


7.2.3 Conclusions 


The overall uncertainty inherent in this risk assessment has been thoroughly discussed in 
Volume I, Section 10 of WESTON (1991). The reader is encouraged to review Section 10 
of Volume I (WESTON, 1991) to gain an understanding of the conservatism underlying the 
final calculations. Note that the same air modeling and exposure assumptions have been 


made for both Basin F liquid and hydrazine rinsewater incineration. 
As requested by EPA VIII (refer to General Comment 3, EPA, Volume IV of WESTON, 


1991), lead was not incorporated into the risk calculations. Currently, lead is not assigned 


a cancer Slope factor or a reference dose by EPA. However, Dr. Chris Weis, Toxicologist 
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VOLUME Il 


for EPA Region VIII, requested that a comparison be made between estimated lead soil 
concentrations and ambient air concentrations to soil cleanup levels and National Ambient 
Air Quality Standards (NAAQS), respectively. Table 7-3 shows the requested comparisons. 


Predicted lead levels in soil and air were well below the respective standards. 


In conclusion, the addition of hydrazine rinsewater to the Basin F liquid waste does not pose 
a cancer risk or noncarcinogenic effect as defined in the Final Decision Document 
(Woodward- Clyde Consultants, 1990). This conclusion is highlighted by several 
conservative assumptions that were previously discussed in Volume I, Section 10 (WESTON, 
1991): 


e No environmental degradation has been assumed for any chemical in the 
waste stream (POHC) or formed by the incineration process (PIC). 


® Even though the facility is operating for only 2 years, a 70-year lifetime 
exposure has been assumed (except for inhalation). 
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Table 7-3 


Comparison of Predicted Soil and Air Levels 
of Lead From Hydrazine Rinsewater Incinerator to Soil 
Cleanup and National Ambient Air Quality Standards (NAAQS) 


Maximum? Predicted® 
Predicted Soil Ambient Air 
Concentration | Soil Cleanup? Concentration 
Inorganic (0.01m) Level Sensitivity Case 


Pollutant Sensitivity Case (mg/kg) (ug/m°) 
(mg/kg) 


Lead 7.07E-11 500-1,000 5.7E-10 1.5E+00 


“ Refer to Table 1A in Section 9.1.1, last column, second page. 

° OSWER Directive 9355.4-02, September, 1989 (EPA, 1989b). 

* Refer to Table 1A in Section 9.1.1, second column, second page. Represents 
predicted average annual ambient air concentration. 

* 40 CFR 50. Three month annual average. 
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SECTION 9 
SUPPORTING DOCUMENTATION 


Included in this section are the detailed spreadsheets that document base case and sensitivity 


case emissions, exposure doses, and risk results for the Residents A and B, the farmer, and 


the on-site worker scenarios that have been summarized in this report. 
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9.1 RESIDENT A SCENARIO 
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9.1.1 Base Case Emissions — Resident A 
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VOLUME Ill 


9.3 FARMER SCENARIO 
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VOLUME Ill 


9.3.1 Base Case Emissions Farmer Scenario 
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VOLUME II 


9.4.2 Sensitivity Case Emissions — Worker Scenario 
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TABLE 9.5-5 
EXPECTED METAL EMISSIONS BASED ON MEASURED 
CONCENTRATIONS IN HYDRAZINE RINSEWATER 


Based on Waste Stream Data 
etals to emov. ontrolle 
(1) APCD (2) Efficiency (3) Emissions (4) 
(%) (%) (Ib[hr) 


NA 

NA 

2.98E-07 

NA 

NA 

NA 

1.73E-09 

NA 

7. 95E-09 

NA 

3.78E-07 1.13E-08 
9.17E-03 2.75E-04 
3.73E-07 1.12E-08 
NA 

NA 

NA 

1.12E-08 

NA 

NA 

NA 

2.26E-07 3.39E-08 
NA NA 
2.98E-08 F 1.55E-10 
NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 
8.90E-08 


Based upon the average concentrations measured in each of three hydrazine watewater sources. 

Percent of metal volatilization is estimated at 100% for all metals in liquid waste based on EPA Guidance on 
Metals and HCl Controls from Hazardous Waste Incineration, Draft Final Report, August 1989, Table III-9. 
Based on EPA Guidance (note 2), Table II-8. The removal efficiency of the wet scrubber in series 

with the Venturi scrubber at 20" of water was calculated. This removal efficiency was used in series with 

the removal efficiency of the Venturi scrubber at 60" of water. 

Controlled Emissions = Uncontrolled Emissions x % Metals to APCD x (1- % Removal Efficiency) 

Assumed removal efficiency of antimony, arsenic, cadmium, lead and thallium or of mercury per footnote (3), 
based on scrubber efficiency similar to those compounds in "Hazardous Waste Stream Trace Metal Concentrations 
and Emissions”, Mitre Corp., U.S.EPA Office of Solid Waste, November 1983. 

Similar to copper, cobalt and titanium in showing no concentration with particle size per Davision, Natusch, 
et al. "Trace Elements in Fly Ash", Environmental Science & Technology, Vol. 8, No. 13, December 1974. 
Therefore, assumed scrubber efficiency similar. 

Similar emissions to feed ratio to that of iron and aluminum per Kaakinen, Jorden, et al., "Trace Element 
Behavior in Coal-Fired Power Plant", Environmental Science & Technology, Vol. 9, No. 9, September 1975. 
Therefore, assumed scrubber efficiency similar. 

Similar control efficiency to that of calcium, iron and potassium per Klein, Andren, et al, 

"Pathways of Thirty-seven Trace Elements Through Coal-Fired Power Plant", Environmental Science & 
Technology, Vol. 9, No. 10, October 1975. Therefore, assumed scrubber efficiency similar. 


(1) 
(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


TABLE 9.5-6 
MAXIMUM METAL EMISSIONS BASED ON MEASURED 
CONCENTRATIONS IN HYDRAZINE RINSEWATER 


Based on Waste Stream Data 
ee et to emov ontrolle 


Rates (1) 


(lb/hr) 


NA 
NA 
1.12E-05 
NA 
NA 
NA 
8.21E-08 
NA 
1.77E-06 
NA 
8.39E-07 


APCD (2) _ Efficiency (3) Emissions (4) 
(Ib{hr) 


(%) 


(%) 


NA 
NA 
3.36E-07 
NA 
NA 
NA 
2.46E-09 
NA 
1.06E-08 
NA 
2.92E-08 


7.68E-04 
1.30E-08 
NA 
NA 
NA 
1.60E-08 


2.76E-07 
NA 
4.29E-08 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
1.13E-07 


Based upon the maximum concentrations measured in each of three hydrazine watewater sources. 

Percent of metal volatilization is estimated at 100% for all metals in liquid waste based on EPA Guidance on 
Metals and HCl Controls from Hazardous Waste Incineration, Draft Final Report, August 1989, Table II-9. 
Based on EPA Guidance (note 2), Table If-8. The removal efficiency of the wet scrubber in series 

with the Venturi scrubber at 20" of water was calculated. This removal efficiency was used in series with 

the removal efficiency of the Venturi scrubber at 60” of water. 

Controlled Emissions = Uncontrolled Emissions x % Metals to APCD x (1- % Removal Efficiency) 

Assumed removal efficiency of antimony, arsenic, cadmium, lead and thallium or of mercury per footnote (3), 
based on scrubber efficiency similar to those compounds in “Hazardous Waste Stream Trace Metal Concentrations 
and Emissions", Mitre Corp., U.S.EPA Office of Solid Waste, November 1983. 

Similar to copper, cobalt and titanium in showing no concentration with particle size per Davision, Natusch, 
et al. "Trace Elements in Fly Ash", Environmental Science & Technology, Vol. 8, No. 13, December 1974. 
Therefore, assumed scrubber efficiency similar. 

Similar emissions to feed ratio to that of iron and aluminum per Kaakinen, Jorden, et al., "Trace Element 
Behavior in Coal-Fired Power Plant", Environmental Science & Technology, Vol. 9, No. 9, September 1975. 
Therefore, assumed scrubber efficiency similar. 

Similar control efficiency to that of calcium, iron and potassium per Klein, Andren, et al., 

"Pathways of Thirty-seven Trace Elements Through Coal-Fired Power Plant", Environmental Science & 
Technology, Vol. 9, No. 10, October 1975. Therefore, assumed scrubber efficiency similar. 


TABLE 9.5-7 
EMISSION RATES FOR ROCKY MOUNTAIN ARSENAL 
HYDRAZINE RINSEWATER SUBMERGED QUENCH INCINERATOR 


Base Case (a) Sensitivity Case 
Pollutant (ton/yr) (lb/hr) (g/sec) (c) (ton/yr) (Ibfhr) (g/sec) (c) 
Metals 
Aluminum NA NA NA NA NA NA 
Antimony NA NA NA NA NA NA 
Arsenic 1.04E-06 2.98E-07 3.76E-08 1.18E-06 3.36E-07 4 24F-08 
Barium NA NA NA NA NA NA 
Beryllium NA NA NA NA NA NA 
Boron NA NA NA NA NA NA 
Cadmium 6.06E-09 1.73E-09 2.18E-10 8.62E-09 2.46E-09 3.10E-10 
Calcium NA NA NA NA NA NA 
Chromium 2.78E-08 7. 95E-09 1.00E-09 3.73E-08 1.06E-08 1.34E-09 
Cobalt NA NA NA NA NA NA 
Copper 3.97E-08 1.13E-08 1.43E-09 8.81E-08 2.52E-08 3.17E-09 
Iron 9.63E-04 2.75E-04 3.47E-05 2.69E-03 7.68E-04 9.68E-05 
Lead 3.91E-08 1.12E-08 1.41E-09 4.54E-08 1.30E-08 1.63E-09 
Lithium NA NA NA NA NA NA 
Magnesium NA NA NA NA NA NA 
Manganese NA NA NA NA NA NA 
Mercury 3.92E-08 1.12E-08 1.41E-09 5.60E-08 1.60E-08 2.02E-09 
Molybdenum NA NA NA NA NA NA 
Nickel NA NA NA NA NA NA 
Potassium NA NA NA NA NA NA 
Selenium 1.19E-07 3.39E-08 4.27E-09 1.45E-07 4.14E-08 5.21E-09 
Silicon NA NA NA NA NA NA 
Silver 5.42E-10 1.55E-10 1.95E-11 9.00E-10 2.57E-10 3.24E-11 
Sodium NA NA NA NA NA NA 
Strontium NA NA NA NA NA NA 
Thallium NA NA NA NA NA NA 
Tin NA NA NA NA NA NA 
Titanium NA NA NA NA NA NA 
Vanadium NA NA NA NA NA NA 
Yttrium NA NA NA NA NA NA 
Zinc 3.12E-07 8.90E-08 1.12E-08 3.97E-07 1.13E-07 1.43E-08 
Organics 
1,1-Dichloroethane 2.92E-09 8.34E-10 1.05E-10 
1,1-Dichloroethene 1.56E-09 4.46E-10 5.62E-11 
1,2-Dichloroethane 9.11E-10 2.60E-10 3.28E-11 
1,2-Dichloropropane 5.79E-10 1.65E-10 2.08E-11 
Acetone 3.50E-09 1.00E-09 1.26E-10 
Benzene 1.02E-09 2.91E-10 3.67E-11 
Chlorobenzene 2.45E-10 7.00E-11 8.82E-12 
Chloroethane 8.99E-09 2.57E-09 3.24E-10 
Chloroform 4.38E-08 1.25E-08 1.58E-09 
Chioromethane 1.21E-09 3.46E-10 4.36E-11 
Dimethy] Disulfide 2.48E-09 7.09E-10 8.93E-11 
Methylethy! ketone 1.53E-09 4.37E-10 5.S1E-11 
Methylene Chloride 7.31B-08 2.09E-08 2.63E-09 
Tetrachloroethene (PCE) 1.67E-10 4.77E-11 6.01E-12 
Toluene 2.66E-09 7.60E-10 9.58E-11 
Trichloroethene 1.78E-09 5.09E-10 6.A1E-11 
Vinyl acetate 1.10E-09 3.14E-10 3.96E-11 
Vinyl chloride 1.02E-09 2.91E-10 3.67E-11 
o,p-Xylene (total) 1.90E-10 9.43E-11 6.84E-12 
Aniline 1.78E-07 5.09E-08 6.41E-09 


Pollutant 


anics 
Atrazine 
Benzothiazole 
4-Chloroaniline 
Malathion 
4-Methylphenol 
Naphthalene 
Parathion 
Phenanthrene 
Phenol 
Vapona 
bis(2-Ethylhexyl)phthalate 
Hydrazine 
Monomethyl hydrazine 
Unsymmetrical dimethyl hydrazine 
n-Nitrosodimethylamine 
Aldrin 
Dieldrin 
Lindane 


PICs with Specific Precursors 
Carbon Tetrachloride 


1,2-Dichloroethene 
Hexachlorobenzene 
Pentachlorobenzene 
Tetrachlorobenzene 
Trichlorobenzene 
Dichlorobenzene 
Biphenyl 
4-Chlorobiphenyl 
4,4’-Dichlorobiphenyl 
Benzaldehyde 
Benzoic Acid 
Quinoine 
Carbazole 
Acetonitrile 
Acrylonitrile 
Benzonitrile 
Naphthalene Carbonitrile 
| Pyridine 
| PICs without Specific Precursors 
| Benzofuran 
| Dibenzofuran 
Acenaphthalene 
Acenaphthene 
Fluoranthene 
Pyrene 
Fluorene 
Benzo(a)pyrene 
Dibenzo(a)anthracene 


Chrysene 


TABLE 9.5-7 


EMISSION RATES FOR ROCKY MOUNTAIN ARSENAL 
HYDRAZINE RINSEWATER SUBMERGED QUENCH INCINERATOR 


(ton/yr) 


1.10E-09 
3.69E-10 
1.02E-10 
1.24E-11 
1.39E-09 
1.64E-10 
1.96E-11 
3.08E-11 
1.56E-10 
7.74E-11 
2.18E-10 
3.07E-05 
9.72E-06 
3.84E-05 
9.88E-09 
4.91E-12 
9.02E-12 
4,.19E-12 


5.15E-09 
1.35E-09 
2.38E-08 
9.73E-09 
4.77E-09 
2.42E-09 
1.02E-09 
3.98E-07 
2.51E-10 
1.27E-11 
8.11E-08 
3.96E-08 
8.91E-09 
1.78E-09 
3.17E-06 
1.35E-06 
8.65E-07 
8.65E-07 
8.65E-07 


3.96E-07 
7.92E-09 
3.96E-08 
3.96E-08 
7. 92E-08 
1.58E-07 
7.92E-09 
7.92E-08 
7.92E-08 
7.92E-09 


Base Case (a) 


(Ib/hr) 


3.14E-10 
1.05E-10 
2.91E-11 
3.94E-12 
3.97E-10 
4.69E-11 
5.60E-12 
8.79E-12 
4 A4E-11 
221E-11 
6.23E-11 
8.77E-06 
2.78E-06 
1.10E-05 
2.82E-09 
1.40E-12 
2.98E-12 
1.20E-12 


1.47E-09 
3.86E-10 
6.81E-09 
2.78E-09 
1.36E-09 
6.91E-10 
2.92E-10 
1.14E-07 
7.17E-11 
3.61E-12 
2.32E-08 
1.13E-08 
2.04E-09 
5.09E-10 
9.07E-07 
3.85E-07 
2.47E-07 
2.47E-07 
2.47E-07 


1.13E-07 
2.26E-09 
1.13E-08 
1.13E-08 
2.26E-08 
4.52E-08 
2.26E-09 
2.26E-08 
2.26E-08 
2.26E-09 


(continued) 


Sensitivity Case (b) 


(g/sec) (c) (ton/yr) (Ib{hr) (g/sec) (c) 


3.96E-11 
1.33E-11 
3.67E-12 
4 46E-13 
5.00E-11 
5.90E-12 
7.06E-13 
1.11E-12 
5.60E-12 
2.79E-12 
7, 85E-12 
1.11E-06 
3.50E-07 
1.38E-06 
3.56E-10 
1.77E-13 
3.25E-13 
151-13 


1.86E-10 
4.86E-11 
8.59E-10 
3.50E-10 
1.72E-10 
8.71E-11 
3.67E-11 
1.43E-08 
9.04E-12 
4.55E-13 
2.92E-09 
1.43E-09 
3.21E-10 
6.41E-11 
1.14E-07 
4.85E-08 
3.12E-08 
3.12E-08 
3.12E-08 


1.42E-08 
2.85E-10 
1.42E-09 
1.42E-09 
2.85E-09 
5.70E-09 
2.85E-10 
2.85E-09 
2.85E-09 
2.85E-10 


(a) Based upon the average concentrations from measured in each of three hydrazine watewater sources. 
(b) Based upon the maximum concentrations from measured in each of three hydrazine watewater sources. 
(c) Assuming 7000 hours of operation per year. 
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